Abstract
In contrast, large variations have been observed in seasonal precipitation totals. Wigley 48 et al. [1984b] and Wigley and Jones [1987] (later updated by Jones and Conway [1997] ) investigated 49 the area-average seasonal precipitation series for England and Wales between 1767 and 1995 and 50 concluded that winter (DJF) precipitation increased significantly over that period (a linear trend 51 gives an increase of 67mm between 1767-1995, which is 28% of the climatological average). In 52 contrast, precipitation decreased in summer (JJA) as a linear trend between 1767-1995 gives a 53 decrease of 41mm, which is 17% of the climatological average. Jones and Conway [1997] only 54 In addition, multi-day accumulations are also investigated for possible changes in pre-cipitation intensity. Based on decadal return period estimates of 1, 2, 5 and 10 day precipitation 116 accumulations, both Jones et al. [2013] and Jones et al. [2014] found a small increase in the strength 117 of 5-day and 10-day precipitation accumulation events across various subregions in the UK between 118 1961-2010 and indicated their potential impact on e.g. flood risk management.
119
Section 2 describes the EWP dataset and the methodology used to investigate precipitation 
128
The daily data are maintained and updated by the Met Office Hadley Centre and are available 129 from 1931 to the present day (www.metoffice.gov.uk/hadobs/hadukp/). They have been used as a 130 standard precipitation measure by many studies (e.g. Jones and Conway [1997] and Mills [2005] ), 131 as they constitute one of the longest homogeneous daily precipitation datasets available.
132
The England and Wales precipitation estimates are based on the weighted contribution of 133 5 climatologically different sub-regions defined by Wigley et al. [1984b] . In each sub-region, 7-15 134 evenly distributed stations (depending on the availability of data [Alexander and Jones, 2000] ) are 135 included to determine the precipitation accumulation for the region. Each station is scaled by its 136 corresponding regional monthly climatological average, so that the regional data are not weighted 137 towards sites with locally high precipitation (e.g. due to local orographic effects). This scaling 138 also allows varying gauge configurations (due to changing networks) to be combined to produce When describing extreme precipitation events, recent work by Jones et al. [2014] suggests 145 that the 5 sub-regions defined by Wigley et al. [1984b] across the England and Wales region are not 146 sufficient to capture the sub-regional changes. Instead, 9 different sub-regions were defined that 147 are thought better able to capture trends and variability in sub-regional extreme precipitation.
148
However, Jones et al. [2014] did not discuss the combined impact of these new 9 sub-regions on 149 the England and Wales area average extremes, but only investigated the precipitation signals in 150 the individual sub-regions. As no EWP equivalent dataset is available based on the 9 sub-regions, 151 the impact on the area average precipitation cannot be assessed directly. However, studies by Croxton et al. [2006] and Simpson and Jones [2012] previous studies, no significant trend in annual precipitation was found (the slope of the best fit is 178 0.85 ± 1.02 mm/year).
179
In contrast to annual precipitation, previous studies have found significant trends in sea-180 sonal precipitation accumulations over the UK [Alexander and Jones, 2000, Mills, 2005] 
187
In addition to large interannual variability in seasonal EWP, figure 2 also reveals the 188 presence of decadal and multi-decadal variability, including clusters of wet and dry seasons. To 189 investigate whether this is true for all four seasonal averages, linear trends were determined for 190 the entire 84 year period and for three additional periods (1961-2006, 1961-2014 and 1979-2014) , The observed variability shown in the seasonal precipitation can be related to a change in the 'wet' 250 day probability and/or an increase in precipitation intensity on 'wet' days. To investigate possible 251 changes in the area average precipitation intensity over England and Wales, it is necessary to define 252 a threshold for extremes based on the statistical distribution of daily EWP. Figure 5 shows the 
where λ is the scale parameter and k the shape parameter. The best representation of 259 the daily observations is given by the Weibull distribution with scale and shape parameters of for all categories are first investigated for the same years used in their study and shown 307 in figure 6 . Results are shown for the four seasons separately.
308
For winter (DJF) no significant trends are present in any of the precipitation categories.
309
Therefore we cannot reject the null-hypothesis that the seasonal precipitation timeseries are sta- However, as a result of the large variability, the trend is not significant at the 90% level.
353
For longer accumulation periods, it is apparent from figure 10 that more extreme events SD 1931 SD -2014 SD 1961 SD -2006 SD 1961 SD -2014 SD 1979 SD -2014 Table 1 : The annual and seasonal average EWP precipitation (mm), the standard deviation SD (mm) as a measure of variability based on the period 1931 -2014 (1932 -2014 . In remaining columns show the precipitation trends (mm/year) based on a linear least squares fit for four relevant time windows (1931 -2014 , 1961 -2006 , 1961 -2014 and the ERA-Interim period 1979 -2014 Table 2 : Threshold values (mm) for extreme daily and multi-day accumulations for both annual and seasonal EWP observations. Extremes are defined by the upper 2% of the precipitation accumulations. 
